We study the short-periodic component of stellar activity with a cycle periods P cyc < 10 3 days using the Kepler mission photometry of fast-rotating (1 < Ρ < 4 days) stars with spectra of M4V to F3V. Applying the originally developed two non-spectral methods, we measured the effective period of stellar cycles in 462 objects. The obtained results are in accordance with previous measurements by , do not seem to result from a beating effect. The performed measurements of P cyc cluster in a specific branch which covers the previously unstudied region in the Saar-Brandenburg (1999) diagram, and connects the branch of inactive stars with the area populated by super-active objects. It is shown that the formation of the discovered branch is due to the cu-quenching effect, which saturates the magnetic dynamo and decreases the cycle periods with the increase of inverted Rossby number. This finding is important in the context of the discussion on catastrophic quenching and other heuristic approximations of the non-linear α-effect.
Introduction
It is natural to expect that the most reliable manifestation of starspots is the amplitude of the first harmonic Α 1 of rotational modulation in a light-curve. This parameter is practically insensitive to the photon noise and it minimally depends on short-lived flares and short-period pulsations in contrast with other rotational harmonics. Usually, the value Α 1 can be measured with maximum accuracy because the light integration over the stellar disk reduces the amplitude of higher harmonics progressively with the increasing harmonic number.
Since the first harmonic is maximal, the value A 1 2 is a main contributor to variance <(F - 
, where
Comparing Equations (10) and (11), we estimate the coefficient a=-0.5ω cyc
2
, and therefore, the angular frequency ω cyc = (-2a) 1/2 of the stellar cycle. The corresponding period P ACM = 2π/ω cyc describes the short-period component of stellar variability, because mainly the fast oscillations of ΔI control the autocorrelation r at shortest lags Δt. The error of P ACM was
We test the autocorrelation method with the following model. Since the used index of activity A\ is based on the first harmonic of the one-period light-curve F(t), we can consider only this harmonic. As a rule, this is the dominant component of the whole light-curve.
We simulate it as a superposition of sinusoidal signals caused by individual starspots and faculae. Such a general approach enables the reduction of the number of model parameters Equations (10) and (11), we estimate that τ = -1/b ≈ 200 days and τ ~ 10 days for the "cold" (T eff ~3500 K) and "hot" (T eff ≈6700 K) objects in our stellar set, respectively (Arkhypov et al., 2015) . The cycle period P cyc is suggested to be 50 or 300 days in accordance with preliminary estimates for hot and cold stars, respectively. The period of stellar rotation Ρ = 3 days is taken as a typical value in our stellar set.
Using this model, we synthesized 576 light-curves for testing of the above specified Figure 9g ,o). In fact, the average values <log(P ACM )> correspond to P ACM = 44.0 ± 1.7 and 304.4 ± 14.3 days, which are close to the model input parameter P cyc = 50 and 300 days.
Therefore, despite considerable dispersion of individual estimates of P ACM , the average value <log(P ACM )> may be used as the correct one.
The application of the autocorrelation method to real stars (Figures 7 and 10) confirms that the value P ACM acceptably approximates the Fourier spectral peaks of short-period oscillations even on the background of dominating long cycles in power spectra of 
Analysis of the results
Each of the above presented methods for P cyc estimation has advantages and disadvantages. For example, ACM deals with the second order effect (i.e., quadratic term in Equation (11)), which is mainly responsible for the larger scattering of the period estimates (compare histograms (g) and (h) or (o) and (p) in Figure 9 ). On the other hand, the ACM approach has broader applicability as compared with the HM approach. That is why below we use both approaches. Individual errors of each method could be decreased statistically by averaging over the large number of estimates.
Inevitably, there is statistical noise in estimates of the coefficients in Equation (11) giving sometimes positive a and therefore imaginary ω cyc = (-2a) 1/2 of the stellar cycle in some models and real cases (e.g., KIC 6056983 in Figure 7) . Moreover, some of the stars demonstrate rather irregular variations of their activity level (e.g., Figure 7e ) giving too low contrast of the peaks in histograms like in Figure 9k for HM. That is why the application of the above described methods to 513 light-curves enables us to measure P cyc in 90% of cases (462 objects).
We analyze the measured values of P ACM and P HM , keeping in mind two possibilities regarding their nature. First, these could be indeed the manifestations of the short stellar activity cycle related to the operation of the stellar magnetic dynamo ). Alternatively, some periodicities of the activity indexes may be caused by the effects of beating due to differential rotation of the surface activity complexes at different latitudes Figure 13c ) forms the saturated maxima of the light-curve, and therefore, another pattern of A 2 in Figure 13d . The application of Fourier transform to such light-curves reveals another diagnostic property of beatings: P 1 /P 2 =2 which is valid for the case of temporally invisibility of both spots at -I< φ j <I. To reveal these beating signs (i.e., r 12 ≈ -1 and P 1 /P 2 =2) we have processed all light-curves of our data set and constructed the real distributions of r 12 and P 1 /P 2 (Figure 14) . The histogram of r 12 (Figure 14a ) has a gaussian-like shape with a slight shift towards the positive correlation. No significant secondary maximum is visible at r 12 <0. The ACM-and HM-histograms do not show any secondary peaks at P 1 /P 2 =2. Therefore, the beating effect is not a dominating one above activity cycles in the analyzed light-curves.
2. Figure 15 shows that our measured values of P ACM and P HM agree well with the measurements of P cyc for fast rotating (Ρ~1 day) stars published in . It is important to note that in their study used the time-frequency method, which is insensitive to the beating effect. Although the measurements in concern only the cold stars with T eff <4303 K, the clustering of all our estimated periods for the broader temperature range of stars (including also the cold stars) in Fig. 15 has a form of a clear sequence. That gives us a reason to expect that our approach reveals a general relation between the stellar temperature and activity cycle length.
4. The obtained estimates of the normalized cyclic frequency ω cyc /Ω=P/P cyc of the stellar cycles are clustered mainly in the unstudied region of the SB diagram (see Figure   16 ). This clustering is extended from the region of inactive (I) stars towards the branch of super-active (S) objects. This effect is especially well pronounced in Figure 16b which represents the stars with the shortest periods (1<Ρ<1.5 days), hence, with the best autocorrelation statistics within the available Kepler observation time frame. A similar connection has been addressed also for the super-active (S) and active (A) star branches (Saar & Brandenburg, 1999) . Therefore, our measured cycle periods and corresponding ω cyc values show the analogous behavior in SB diagram as the known and recognized cycles do.
This again gives us a reason to argue that the obtained estimates of P ACM and P HM characterize the real activity cycles. 
Conclusions
To our knowledge the study presented above is the first attempt to automate the process of measuring of the characteristic periods of stellar cycles. This task is not a trivial one because of the complexity of stellar activity variations with different interferences especially in the cases of non-dominating short-period components.
However, namely such short-period cycles are particularly interesting, because they are supposed to be a manifestation of the dynamo process at the bottoms of convection zones (Bohm-Vitense, 2007) , which dominates in the Sun.
That is why our methodology was especially dedicated to deal with the short-period component of stellar activity. The application of these methods to the Kepler photometry enables us to draw the following conclusions.
1. The automated measuring of short-period component of rotational modulation of stellar light-curves gives information on real activity cycles. This opens a way for the regular survey of activity cycle periods.
2. The studied fast-rotating stars have the cycles which form the previously unknown sequence on the SB diagram, connecting the region of inactive stars with the branch of super-active objects.
3. The existence of this new sequence is a result of the α-quenching effect, which decreases the cycle periods in the dynamo saturation regime at Ro -1 >2. It is important in the context of the discussion on catastrophic quenching and for other heuristic approximations of the α-quenching effect (Hubbard & Brandenburg, 2012) .
The proposed approach and methods will be used for a more extensive survey of stellar activity of slow as well as super-fast rotators among the stars of the Main Sequence and giants. 
